ABSTRACT Objective: The objectives of this study were to (1) analyze the prevalence of diabetes, prediabetes, and antidiabetic medication in patients with psychosis compared with control subjects and (2) determine what factors in patients with psychosis were associated with antidiabetic medication.
INTRODUCTION
Severe mental illnesses including schizophrenia and other psychotic disorders are associated with marked excess somatic morbidity, resulting in a twofold increased risk of cardiovascular mortality in patients who have severe mental illnesses compared with the general population. [1] [2] [3] Although suicide is prevalent in these patients, ischemic heart disease is the major contributor to excess mortality. [4] [5] [6] Diabetes is associated with a several-fold increased risk of developing cardiovascular disease and may contribute to the increased cardiovascular morbidity and mortality in these patients. 7 In patients with schizophrenia and other types of psychoses, there is an increased risk of diabetes and intermediate stages of glycemic abnormalities. 8 9 The primary reason for the increased frequency of type 2 diabetes observed in association with psychosis is unclear, 10 11 but common genetic factors, lifestyle factors, and treatment with antipsychotic medications may contribute.
The main focus when treating severe mental illness has been to address psychiatric symptoms, and somatic symptoms may be underdiagnosed and less aggressively monitored, potentially contributing to the different frequency of mortality between patients with mental illnesses and the general population. 3 Broadening the focus of treatment in psychotic disorders to include somatic illness, such as glucose abnormalities, may potentially improve the prognosis. Antidiabetic medications and structured lifestyle interventions may prevent or delay the development of diabetes in people with impaired glucose tolerance. 12 However, despite the increased risk of diabetes and cardiovascular mortality
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in patients with psychosis, there is little information available about the prevalence of impaired glucose tolerance or the effects of antidiabetic treatment in these patients. The purposes of this study were to evaluate the prevalence of diabetes, prediabetes (defined as impaired fasting glucose), and antidiabetic treatment in patients with psychosis compared with control subjects, and to determine what factors in patients with psychosis are associated with antidiabetic pharmacological treatment.
MATERIALS AND METHODS Patients with psychotic disorders
Study patients with psychosis were recruited during the years 2005-2010 in the Swedish Study of Metabolic Risks in Psychosis (SMRP) performed in psychosis outpatient clinics primarily in Stockholm County (75% patients), Sweden. These clinics were responsible for the treatment of all outpatients with long-term psychotic disorders in the catchment area. As part of the general health screening, all patients in regular clinical treatment from each clinic were asked to participate in the study. Psychiatric diagnoses were confirmed by the treating psychiatrist according to published criteria. 13 In the present analysis, 977 patients with psychosis were included in the study, and family history of diabetes was present in 184 (24%) patients with psychosis.
Control subjects
Control subjects were 3908 in a follow-up study of a population-based survey, the Stockholm Diabetes Prevention Program (SDPP). The baseline SDPP study was performed from 2003 to 2006.
14 The follow-up SDPP study was performed 8-10 years after baseline. Since an aim of the baseline SDPP study was to evaluate the effect of family history of diabetes on diabetes risk, the study sample was selected from all responders and enriched with regard to family history of diabetes, and half the participants had a family history of diabetes, defined as ≥1 first-degree relative with known diabetes. Excluded from the follow-up study were participants who had newly diagnosed diabetes during the baseline health examination, including an oral glucose tolerance test, and together with participants with known diabetes before baseline they comprised 3.7% of all participants. The follow-up study included 5712 participants, 72% of the baseline sample. For the present study, 3908 (out of 5712) control subjects were randomly selected to match patients with psychosis with regard to frequency of family history of diabetes. Thus, 956 (24%) SDPP control subjects included in this study had a family history of diabetes.
Procedures
Patients were assessed with a psychiatric questionnaire that included diagnosis, level of functioning (assessed with Global Assessment of Functioning scale), severity of mental illness (assessed with Clinical Global Impression scale), duration of illness, and duration of treatment. 15 16 For patients with psychosis and control subjects, all present medications and dosages were recorded. In patients with psychosis, current medication was confirmed in hospital records. Patients with psychosis and control subjects were asked about diabetes in first-degree relatives. For patients with psychosis and control subjects, somatic health was assessed with a questionnaire about diabetes and hypertension. Both patients with psychosis and control subjects were asked about current tobacco use, and blood pressure, body mass index, and waist circumference were measured. Patients with psychosis and control subjects were given written instructions to fast overnight before venous blood sampling.
Assays
Fasting plasma glucose (FPG) was measured in patients with psychosis and control subjects. All control subjects without diagnosed diabetes did an oral glucose tolerance test. Lipid profiles, including total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and triglycerides, were determined for all patients with psychosis but not for control subjects by the Karolinska University Laboratory.
Metabolic syndrome, diabetes and prediabetes
The metabolic syndrome includes the most important risk factors for cardiovascular disease: diabetes and impaired fasting glucose, abdominal obesity, dyslipidemia, and hypertension. Metabolic syndrome was defined according to the International Diabetes Federation (IDF) criteria: increased waist circumference (ethnicityspecific values: ≥94 cm in male and ≥80 cm in female European Caucasians) plus any two of the following four factors: elevated triglycerides (≥1.7 mmol/L), reduced HDL cholesterol (<1.03 mmol/L in males and <1.29 mmol/L in females), elevated blood pressure (systolic ≥130 mm Hg, diastolic ≥85 mm Hg, or antihypertensive treatment), and elevated FPG (≥5.6 mmol/L or antidiabetic drug treatment). [17] [18] [19] Metabolic syndrome could be determined only in patients with psychosis because lipid profiles were only available in these patients. The definitions of the WHO and IDF were used for the prediabetic state (fasting glucose, 6.1-6.9 mmol/L) and diabetes (fasting glucose ≥7.0 mmol/L). 20 The American Diabetes Association definition of impaired fasting glucose was used (fasting glucose, 5.6-6.9 mmol/L). 21 The upper glucose level for diabetes in this study was defined as fasting glucose <7.0 mmol/L.
Statistical methods
All variables were summarized using descriptive statistics such as mean, range, and frequency. Differences in continuous variables between groups ( patients with psychosis and control subjects) were analyzed using analysis of covariance with age and sex as covariates. Differences in categorical variables such as sex and current smoker were analyzed with χ 2 test. Categorical outcome variables with two categories such as antidiabetic treatment (no or yes) and achievement of FPG <7 mmol/L (no or yes) were analyzed with logistic regression models with sex, age, and group ( patient with psychosis or control subjects) as independent variables. In patients with psychosis who had the diagnosis of diabetes, another logistic regression analysis (stepwise forward; inclusion level, 5%) was performed to evaluate relations between antidiabetic treatment as dependent variable and smoking status (non-smoker or smoker), fasting glucose (continuous), metabolic syndrome (no or yes), waist circumference (continuous), Global Assessment of Functioning scale (continuous), Clinical Global Impression scale (categorical), antihypertensive treatment (no or yes), lipid-lowering treatment (no or yes), duration of antipsychotic medication (months, continuous variable), and number of months in hospital during the previous year (continuous variable) as independent variables. The analyses yielded OR and 95% CI as estimates of the relations. We also performed two separate regression analyses with waist circumference and fasting glucose and as outcome variables. In the first regression model waist circumference was the dependent variable and Global Assessment of Functioning scale, Clinical Global Impression scale, fasting glucose (continuous), sex (categorical), age (continuous), duration of antipsychotic treatment and main psychiatric diagnosis (categorical) as independent variables. In the second regression model, fasting glucose was the dependent variable with the same variables as above as independent variables with the addition of waist circumference. Statistical significance was defined by p≤0.05.
Ethics approval
Ethics approval for the study was obtained from the Stockholm Regional Ethics Committee. All patients and control subjects gave informed consent.
RESULTS

Clinical characteristics of patients with psychosis and control subjects
Patients who had psychosis were on average 9 years younger than control subjects. The most common psychiatric diagnosis was schizophrenia (table 1) . Frequencies of smoking and mean waist circumference were greater in patients with psychosis than control subjects (table 1). Prevalence of prediabetes and diabetes Patients with psychosis without antidiabetic medication had significantly higher mean fasting glucose than control subjects (table 1). The frequency of prediabetes (fasting glucose level, 6.1-6.9 mmol/L; 9.9%) and diabetes (10.0%) were similar in patients with psychosis and more frequent in patients with psychosis than control subjects (tables 2 and 3). The difference between patients with psychosis and control subjects in prevalence of prediabetes was greatest in participants aged 50-59 years (figure 1). The same most pronounced difference in younger age intervals was also observed for fasting glucose level 5.6-6.0 mmol/L (figure 2). Furthermore, 64 (77%) patients with psychosis with fasting glucose 6.1-6.9 mmol/L and 103 (65%) patients with psychosis with fasting glucose 5.6-6.0 mmol/L also satisfied the criteria for metabolic syndrome (table 3) .
Antidiabetic medication
There was no significant difference in the frequency of antidiabetic medication in patients with psychosis and control subjects with diagnosed diabetes (table 2) . There was no significant difference in achievement of FPG <7 mmol/L between patients with psychosis and control subjects (table 2). Most patients with psychosis and control subjects with diabetes were on monotherapy with metformin, and 32 participants ( patients with psychosis and control subjects combined; 41%) were taking insulin (table 4) . Patients with psychosis taking antidiabetic medication more frequently used insulin and less frequently used a combination of oral antidiabetic drugs than control subjects (table 4). Owing to the small sample size, these differences were not tested for significance.
Factors associated with antidiabetic treatment
Logistic regression (stepwise forward) to evaluate potential factors associated with having antidiabetic medical treatment when diagnosed with diabetes and psychosis showed that lipid-lowering medication (OR 6.74; 95% CI 1.88 to 24.13) and high fasting glucose (OR 1.24; 95% CI 1.01 to 0.72) were associated with antidiabetic treatment. No other variables that were entered in the logistic regression model were significantly associated with antidiabetic medical treatment.
Differences between psychosis diagnoses
Patients with schizophrenia were analyzed separately because they comprised 54% of the patients with psychosis (data not shown). There was a small but significant difference in mean FPG, with higher values for patients with schizophrenia than patients who had other diagnoses of psychosis. We observed no significant difference in frequency of diabetes diagnosis or use of antidiabetic medication between patients with schizophrenia and other patients with psychosis. Logistic regression analysis performed separately for patients with schizophrenia and diabetes showed a positive association between lipid-lowering medication and antidiabetic treatment. Also, a negative association was observed between duration of antipsychotic treatment and antidiabetic treatment (OR 0.88; 95% CI 0.79 to 0.97).
Associations with waist circumference and fasting glucose Potential factors associated with waist circumference and fasting glucose were studied in two regression models (data not shown). There was a significant positive association between duration of antipsychotic treatment, high fasting glucose, being male, and increased waist circumference. The other independent variables entered showed no significant association. Increased waist circumference and age were the only independent variables with a positive significant association with increased fasting glucose. Figure 1 Relation between age and impaired fasting glucose (fasting glucose, 6.1-6.9 mmol/L) in patients with psychotic disorders and control subjects. 
DISCUSSION
The main finding of this study of patients with psychosis in Sweden was the markedly increased frequency of prediabetes, defined as FPG 6.1-6.9 mmol/L, in patients with psychosis compared with control subjects. In participants aged 50-59 years, prediabetes was observed in 15% of patients with psychosis but less than 5% of the control subjects. In addition, 64 (77%) patients with psychosis who had prediabetes satisfied the criteria for metabolic syndrome. In Sweden, specialized psychosis clinics are responsible for the treatment of the vast majority of outpatients who have chronic psychotic disorders. As part of general health screening, all patients with psychosis in regular clinical treatment from several clinics were asked to participate in the study. Therefore, the results may be generalizable to the entire population of patients with psychosis. The control sample was population-based, but it was refined for family history of diabetes, and individuals with diabetes at baseline were excluded. The control sample in this study included only patients with diabetes diagnosed between baseline and follow-up. Thus, the patients with psychosis and the control subjects were not comparable regarding occurrence of diabetes. However, since control subjects at baseline and patients with psychosis were similar in age, the estimated prevalence of diabetes (known and newly diagnosed at baseline among control subjects) could be compared with the prevalence in patients with psychosis. The patients with psychosis and diabetes were likely to have had diabetes longer than control subjects and included more patients with type 1 diabetes. It was not possible to differentiate between type 1 and type 2 diabetes. Moreover, patients and controls did not go through exactly the same examinations. Patients had a lipid profiling done and controls went through an oral glucose tolerance test but not vice versa. Thus, it was not possible to assess the control subjects for metabolic syndrome, and controls were more thoroughly screened for diabetes. Furthermore, controls were not screened for severe mental illnesses which could bias the results. However, only four control subjects had recorded use of antipsychotic medication, two with olanzapine and two with zuclopenthixol. The control subjects at follow-up were 9 years older than the patients with psychosis. This difference was statistically controlled for in the comparative analysis, because higher age could have caused an overestimate of the prevalence of diabetes and prediabetes. Even when controlling for the age difference, caution is warranted when interpreting results.
Diabetes prevalence was 2.7-fold higher in patients with psychosis (10.0%) than control subjects at baseline (3.7%). Cases were on average 3 years younger than control subjects in this comparison. The high prevalence of diabetes among patients with psychosis in this study is consistent with previous findings that showed a twofold to threefold increase in patients with schizophrenia. 22 23 In patients with psychosis, 432 (45%) satisfied the criteria for metabolic syndrome. This was slightly higher than the results of a previous study of patients with psychosis who were an average 10 years younger than our sample. 24 When comparing diabetes treatment and outcome between patients with psychosis and control subjects, it is important that all persons with diabetes at baseline in the control group were excluded from further studies. The use of FPG <7 mmol/L to assess antidiabetic treatment instead of glycated hemoglobin could possibly bias the results. It is possible, although not confirmed in the literature, that a larger proportion of patients compared with controls did not comply with instructions to be fasting when the blood sample was drawn. The underestimation of diabetes prevalence in control subjects compared with patients with psychosis will not be the case regarding impaired fasting glucose, since these control subjects were not excluded at baseline. The prevalence of prediabetes, defined as FPG 6.1-6.9 mmol/L, and impaired fasting glucose, defined as FPG 5.6-6.0 mmol/L, was higher in patients with psychosis than control subjects. Furthermore, most patients with psychosis with diabetes or fasting glucose ≥5.6 mmol/L satisfied the criteria for the metabolic syndrome. The metabolic syndrome is a condition with an increased risk of developing diabetes. 25 The higher prevalence of prediabetes or impaired fasting glucose (FPG 6.1-6.9 or 5.7-6.0 mmol/L) was most pronounced in younger age groups comparing patients with psychosis to control subjects (figures 1 and 2). The results from the regression model in this study indicated that the degree of somatic illness was more important than degree of psychiatric illness with respect to medical antidiabetic treatment. Thus, when patients with psychosis were identified with diabetes, the factors associated with antidiabetic treatment were high fasting glucose and presence of lipid-lowering medication. These findings are not surprising since the Swedish clinical guidelines recommend that all patients with diabetes and LDL >2.5 and/or cholesterol >5 mmol/L should be treated with lipid-lowering medication (statins).
This study was successful in identifying not only the extent of diabetes but also the prevalence dysglycemia in schizophrenia in a fair sized sample of representative schizophrenic population treated in naturalistic settings. The high proportion of patients with psychosis with impaired fasting glucose suggest that a prospective study may be justified to evaluate the progression of prediabetes to type 2 diabetes in patients with psychosis and the potential preventive effects on diabetes by lifestyle programmes targeting prediabetes. It also would be important to perform prospective studies of medical treatment with metformin or newer agents such as glucagon-like polypeptide-1 (GLP-1) analogs in patients with psychosis and prediabetes, to assess the effects in preventing diabetes. In the general population, both metformin and intensive lifestyle interventions may reduce the progression from prediabetes to type 2 diabetes. 12 26 There are also newer treatment options such as GLP-1 analogs to manage overweight, prediabetes, and type 2 diabetes. 27 However, most of these newer agents lack safety data and data in reduction of mortality and morbidity compared with metformin. Individuals who are at high risk for developing diabetes, based on models considering metabolic parameters, may benefit most from treatment with metformin when diagnosed with prediabetes. 28 It is unknown whether this is true for patients with psychosis, but metformin may reduce antipsychotic weight gain. 29 Intensive treatment may be indicated for patients with psychosis who have fasting glucose >6.0 mmol/L, but our data also indicate that it may be advisable to include patients with psychosis who have lower fasting glucose levels, especially when they satisfy the criteria for metabolic syndrome.
In summary, diabetes and prediabetes are common in patients with psychosis and are a major public health problem. Patients with psychosis at risk for diabetes can be identified by diagnosing prediabetes several years before the onset of diabetes. Reduced progression to diabetes should be an important treatment goal, and prospective randomized treatment studies should be performed with lifestyle interventions and pharmacological treatment. Responsibility for diagnosis and treatment of hyperglycemia for patients with psychosis should be clearly defined as a specific task for general healthcare, as in the general population, so that preventive treatment programmes may be started when patients with psychosis satisfy treatment criteria.
